1 Support: Francisco C. Nather received a Young Researcher Award from the São Paulo Research Foundation (FAPESP -Protocol no. 2011/17981-9 (Gibbon, 1977) . Through embodiment mechanisms, specific brain areas are activated, reconstructing the actions by simply observing the static pattern of a past action (Gallese, 2005; Rizzolatti & Craighero, 2004; Rizzolatti & Lupino, 2001 ). Thus, time distortions in the perceiver may be an index of empathic processes that enable the individual to understand the others' actions as a function of the timing related to the observed movements (Nather, Bueno, & Bigand, 2013) . Movement perception in static images has been studied with regard to different and specific aspects of the visual perception of motion using photographic images of humans and animals by considering social and evolutionary contexts. For example, dog, cheetah, monkey, and human photographs were used to discuss the impact of implied motion in static images in terms of motion adaptation through an aftereffect (Pavan, Cuturi, Maniglia, Casco, & Campana, 2011; Winawer, Huk, & Boroditsky, 2008) . These studies showed that pictures that imply motion activate "direction-selective" and "velocity-tuned" mechanisms that are involved in real physical motion perception. An increase in the speed (velocity) of the images highly activates brain areas that respond to real motion (Williams & Wright, 2010) .
Different studies have used photographs of different biological stimuli or inanimate objects to understand different aspects of motion perception in static images (Downing, Jiang, Shuman, & Kanwisher, 2001 ). The seminal study by Freyd (1983) showed that individuals mentally represent movement when they are observing actions of other humans in photographs. By analyzing the time required by observers to distinguish two images of the same action, presented one after the other, Freyd showed that when they are presented in chronological order, the participants needed more time to distinguish the images relative to the future position of a human movement. This delay was attributed to the mental movement representation (Chatterjee, Freyd, & Shiffrar, 1996; Shiffrar & Freyd, 1993) , which can be interpreted as a delay in time processing. Furthermore, movement perception is implicitly related to the perception of time because real motion occurs at the intersection of time and space.
Different circuits, such as the right visual area MT/V5, underlie both motor and perceptual representations of temporal events in the brain (Bueti, Bahrami, & Walsh, 2008; Bueti, Walsh, Frith, & Rees, 2008) . Specifically, the middle temporal (MT) and superior temporal sulcus (STS) of the human brain cortex were activated while observing static images that implied different movements (Proverbio, Riva, & Zani, 2009; Senior et al., 2000; Williams & Wright 2010) . Kourtzi and Kanwisher (2000) showed that photographs of humans and different animals that implied more movement distinctly activated the MT/MST areas. An image of an athlete who moved generated more activation of these brain areas than a photograph of the same athlete who was still or another man who was resting. Similarly, the image of a jumping dolphin in the sea generated less activation of these brain areas than a polar bear lying still.
People can discern the movements of animals of different species because of their distinct biological features that are related to adaptation to different environments. Moreover, the human visual system seems adapted to perceiving the actions of other human beings as a result of the social relevance of movements performed during daily life (Kaiser, Shiffrar, & Pelphrey, 2012; Thompson & Parasuraman 2012) . This developed capacity is attributable to learned experiences because people tend to mimic or embody human actions (Blake & Shiffrar, 2007; Pinto & Shiffrar, 2009 ). Buccino et al. (2004) used static images and short films of a dog, monkey (chimpanzee), and man performing different activities. They showed that actions performed by these three species were processed differently. The major brain activation of the STS in the participants was related to the visualized actions of their own motor repertoire (Kaiser et al., 2012) . This enhanced sensitivity is essential for the social maintenance of the group (Pinto & Shiffrar, 2009) , in which the human brain is more sensitive to human motion than to movements performed by nonhumans. However, motion perception in static and moving images, in terms of biological motion, has not been sufficiently analyzed while considering subjective time perception. Yamamoto and Miura (2012) showed that drawings of a dog and man that implied dynamic movements were perceived in the same way. The dog and man images that implied more movement were estimated longer than those that did not imply movement. However, this study used only two animal species and did not consider the biological relationships between them. The present study tested whether humans are able to recognize the actions of different species in static images by taking into account their species-specific characteristics. It evaluated whether visual movement perception affects subjective time according to an internal mechanism of time from a biological perspective (biological timing processing).
To test this hypothesis, photographs of animal species (i.e., dog, cheetah, monkey, and man) that represented different branches of mammalian phylogeny (i.e., different evolutionary relationships) were presented to two different groups of participants (G1 and G2). Two images of each species were used in both the G1 and G2 groups. In the G1 group, the S and M images, which did not imply movement and implied movement, respectively, were presented in succession to allow the participants to compare the two images of the same species. The participants observed the S and M images of one species before observing the subsequent images. This experimental design tested the effect of static images of different mammalian species on time perception with regard to their species-specific characteristics. Therefore, if time estimation is affected by morphological and physiological features that are present in the body of the species, then the perception of time will be closed for images of the same species (monkey and man) than for images of the other two species (cheetah and dog), independent of the implied motion that is present in the photographic images. In the G2 group, the same species images as the G1 group were used, but they were presented in an experimental design that avoided the participants' observing the S and M images of the same species immediately one after the other. The S and M images of different species were presented randomly to the participants. This procedure was used to further verify the effects of implied body movement in the S and M images on time perception, independent of the species used. This group was specifically related to the visual motion perception of each image rather than to the possible clues provided by S and M image presentation of the same species one after the other. Therefore, if time estimation is affected by implied motion in static images, then the M images of the four species will cause greater time estimation than the S images.
Method Participants
Forty-seven university students (24 men; 19.72 ± 2.27 years old) from the University of São Paulo with normal or corrected-to-normal vision were randomly invited to participate in the study.
Instruments
The experiment was performed in an isolated, soundproof room at the central library of the University of São Paulo campus in Ribeirão Preto, Brazil, during the day. The room was illuminated with artificial light (compact fluorescent 40 lm W -1 light bulbs (M and S images, respectively) . The M images showed the animals running, and the S images showed the same animals stopped (standing still). These stimuli were constructed using photographic images from the Internet, which were modified using Photoshop CS6 software to generate correspondence between their specific body sizes, brightness, and saturation. All of the images (20 × 30 cm) were presented in the center of a 19" computer screen. The ground was filled with light brown, and the background was white. In addition to the species images, three different images of arrows that occupied the same central position as the different species on the computer screen were used. Eight arrow stimuli (mean size of 10 × 20 cm) were the following: arrows from the middle of the visual field to the left or right side of the image, from the middle up and down, from the diagonal right to up and down or from the diagonal to left to up and down. These arrows were used to avoid the rapid comparison of different species images in the different exposure sequences. E-Prime 2.0 software installed on an HP notebook computer was used to present the stimuli and record time estimations. Differential Semantic Scales for the locutions "Movement" implied in the image (unipolar Likert-type 1-7 point scale), "Velocity" of the animal species (unipolar Likert-type 1-7 point scale), and "Arousal" evoked (Ranking Manikin 1-5 point scale) (Lang, 1980) were used to better characterize the movement properties of the photographic images. The semantic scale data were obtained using an experimental copybook that was also used to record personal information about the participants.
Procedure
Data collection. The tasks were verbally explained to the participants. They were placed facing the central region of the computer monitor at a distance of approximately 60 cm. Each stimulus presentation began by pressing the "presentation" key, with a total exposure time of 6 s. At that moment, the monitor was filled with white, indicating that the participant could initiate time estimation. Immediately after the observation time, the participant reproduced the exposure duration by pressing the "initiate" key. The experienced duration of each stimulus was finalized by pressing the "finished" key (reproduction method in the prospective paradigm). The stimuli were presented randomly to the two groups of participants according to their presentation order: G1 (N = 23, 11 men; age: M = 19.72 years, SD = 2.27 years) and G2 (N = 24, 13 men; age: M = 19.88 years, SD = 1.78 years). For each species, there were two images: one that did not imply movement (S image) and one that implied movement (M image). In both groups, the S and M images were presented interspersed by three different arrow ("a") images, which were also presented for 6 s each. Each experimental session consisted of the presentation of three arrow images presented before each of the species images (S and M), for a total of 32 time estimations: eight for S and M images of the species and 24 for the arrows. In the G1 group, the S and M images of the same species were immediately presented one after the other, and the images were presented randomly to each participant (M after S or S after M). In the G2 group, all of the images were presented randomly, but the two images (S and M) of the same species were not immediately presented one after the other. For example, two complete experimental sessions of arrow images ("a") and S and M images of the species were the following: aaa DogS aaa DogM aaa ManM aaa ManS aaa CheetahS aaa CheetahM aaa MonkeyM aaa MonkeyS (G1 group); aaa MonkeyM aaa CheetahS aaa ManM aaa DogM aaa ManS aaa MonkeyS aaa DogS aaa CheetahM (G2 group). The first three arrows that were presented to each participant were used for training the time estimation reproduction task. The time estimations for the arrows were not used in the data analysis and were discarded. The participants did not receive feedback about their time estimations, and they were instructed not to count time. After the time estimations, the participants were asked to observe and judge the species images by completing the Differential Semantic Scales for the locutions Movement, Velocity, and Arousal. The scales, similar to the images, were presented randomly to each participant. The participants completed the task of completing the semantic scales in the experimental copybook while observing the images as long as they wanted.
Data analysis. The analysis of the time estimation data for the G1 and G2 groups was conducted separately. Two-way repeated-measures analysis of variance (ANOVA; 2 × 4) was used to test the statistical interaction between the factors implied movement (S and M images) and species (dog, cheetah, monkey, and man). Sidak's t-test was used for post hoc comparisons. One-sample t-test was used to compare the participant's time estimations with the actual exposure time (6 s) of the images for both groups. Factorial analyses of the time estimation data were conducted using KMO > .80 and Bartlett's test (α < .0001) (Kaiser, 1974) . The analysis of the semantic scale data was also conducted separately for the G1 and G2 groups. Two-way repeated-measures ANOVA (2 × 4) was used to test the statistical interaction between the factors implied movement (S and M images) and species (dog, cheetah, monkey, and man) separately for each locution (Movement, Velocity, and Arousal). Sidak post hoc comparisons were used in these analyses. Paired t-test was used to compare the S and M images of each species. Multidimensional analyses (ALSCAL) were conducted for the Movement, Velocity, and Arousal data using a correlation matrix with Euclidian distances and also considering Young's S-stress (p < .001). Student's t-test was used to compare the Movement and Velocity semantic scale data between the G1 and G2 groups.
Ethical Considerations
The experiment was approved by the Ethics Committee of the Universidade de São Paulo, Faculdade de Filosofia, Ciências e Letras de Ribeirão Preto, Brazil (CAAE no. 02745412.2.0000.5407).
Results

G1 Group
The ANOVA of the time estimation data did not reveal an effect of image (S and M) or species (dog, cheetah, monkey, and man) or an interaction between implied movement and species. The one-sample t-test did not reveal under-or overestimations when the time estimation data were compared with the actual 6 s exposure time ( Table 1 ). The factorial analysis revealed that the time estimations for the S and M images were different (KMO > .80; B(28) = 93.77, p < .0001). The graphical representation of this analysis was distributed only in the first quadrant. Images of the dog and cheetah (center) were separate from the monkey and man (borders). Interestingly, in the case of the monkey and man images, the S and M images were mixed according to the implied movement intensities, in which the S images of the monkey and man were positioned close together in the upper left side, and the M images were positioned close together in the bottom right side.
The ANOVA of the Movement scale (2 × 4) revealed significant effects of implied movement [F(1; 21) = 219.90, p < .001] and species [F(3; 66) = 13.22; p < .001] and an implied movement × species interaction [F(3; 66) = 13.11; p < .001]. The post hoc comparisons showed that the movement scores for both monkey and man species (primates) were significantly less than the others (all p < .01). The paired t-test confirmed that the S and M images of the different species were scored differently (all p < .001). The ANOVA (2 × 4) of Velocity also verified significant effects of implied movement [F(1; 21) = 77.69; p < .001] and species [F(3; Values in italics indicates that the M images of the species received greater scores than the S images (p < .001). *Indicates that the M image for the monkey was statistically different from the other images (p < .01). +Indicates that the S images for the dog (p < .05), cheetah, and man (p < .01) were different between the G1 and G2 groups. ↑Indicates overestimation for the dog (p < .01), cheetah, and man (p < .05).
66) = 24.65; p < .001] and an implied movement × species interaction [F(3; 66) = 6.89; p < .001]. The post hoc comparisons showed that the attributed velocity score for the monkey was less than the other three species (all p < .001), and the man image was less than the dog and cheetah images (both p < .01). The paired t-test showed that the S and M images of the different species were scored differently (all p < .001). Finally, the ANOVA (2 × 4) of Arousal also revealed significant effects of implied movement [F(1; 21) = 22.78; p < .001] and species [F(3; 66) = 25.03; p < .001] and an implied movement × species interaction [F(3; 66) = 3.71; p < .05]. The post hoc comparisons showed that the arousal scores for the cheetah were greater than the other three species (all p < .01). Interestingly, the paired t-test showed that the S and M images of the dog, cheetah, and man (all p < .01) were scored differently, but the monkey image was not (Table 1) .
The multidimensional analysis of Movement, Velocity, and Arousal showed a data distribution that separated the species according to their movements. The S images were separate from the M images in the four quadrants (p < .001). The dog and cheetah images (upper squares) were separate from the monkey and man images (bottom squares). Furthermore, the participants mixed the species according to their movements, with the dog and cheetah S and M images in the left quadrants and monkey and man S and M images in the right quadrants (Figure 1) . Altogether, the factorial and multidimensional analyses indicated a tendency by the (upper) and Movement, Velocity, and Arousal scales in the multidimensional analysis (lower) in the G1 group. For both analyses, the S and M images of the monkey and man were distributed closer together. In the experimental design for the G1 group, the two images of each species were presented one after the other. participants to approximate the monkey and man (primates) images during the time estimations and when completing the differential semantic scales.
G2 Group
The ANOVA (2 × 4) of the time estimation data did not reveal an effect of species (dog, cheetah monkey, and man) or an interaction between implied movement (S and M) and species. However, it revealed a marginal effect of implied movement in the images [F(1; 23) Table 1 ). The factorial analysis revealed that the time estimations for the S and M images was different (KMO > .84; B(28) = 95.30; p < .0001). However, the graphical representation of this analysis did not show a clear separation of the species as was observed in the G1 group (Figures 1 and 2) .
The ANOVA (2 × 4) of the Movement scale data revealed significant effects of implied movement [F(1; 23) = 126.43; p < .001] and species [F(3; 69) = 7.95; p < .001] and an implied movement × species interaction [F(3; 69) = 8.19; p < .001]. The post hoc comparisons showed that the movement scores for the monkey images were significantly less than both the dog and cheetah images (all p < .001). The paired t-test showed that the S and M images of all of the species were scored differently (all p < .001). The ANOVA (2 × 4) of Velocity revealed significant effects of implied movement [F(1; 21) = 77.69; p < .001] and species [F(3; 66) = 24.65; p < .001] and an implied movement × species interaction [F(3; 66) = 6.89; p < .001].
The post hoc comparisons showed that the velocity scores for the monkey were less than the other three species (all p < .001), and the cheetah was scored with a greater velocity than the other three species (p < .01). The paired t-test confirmed that the S and M images of the different species were scored differently (all p < .001). As in the G1 group, the Movement and Velocity scale data showed that the monkey M image was scored with less implied movement and velocity. For the Arousal scale, the ANOVA (2 x 4) showed significant effects of implied movement [F(1; 23) = 77.88; p < .001] and species [F(3; 65) = 10.75; p < .001] and an implied movement × species interaction [F(3; 69) = 10.65; p < .001].
The post hoc comparisons showed that the arousal scores for the monkey were less than the other three species (p < .05). The paired t-test showed that the S and M images of all of the species were scored differently (all p < .001) ( Table 1) .
The multidimensional analysis showed a data distribution that separated the species according to their movements. The S images were separate from the M images in the four quadrants, as was observed in the G1 group (p < .001). However, the S images in the G2 group were all grouped in the upper right quadrant (Figures 1 and 2 ).
The analysis of the semantic scale data between the G1 and G2 groups showed that the S images of the dog [t(45) = -1.79; p = .05], cheetah [t(45) = 17.80; p < .01], and man [t(45) = -2.44; p < .01] were scored with more implied movement in the G1 group. For attributed velocity, only the S image of the dog [t(45) = 2.02; p < .05)] was different between the G1 and G2 groups. The same was not observed for the M image data. The semantic scales were completed after the time estimations, and this unexpected result revealed that the participants also scored the implied movement differently from the attributed velocity when they could compare the two movements of the same species prior to observing the next ones.
Discussion
The present study showed that static images of different animal species that implied movement caused different effects on time perception. In the G1 group, the participants could immediately compare the S and M images of each species before observing the next images. The factorial analysis of the G1 group data showed that the time estimations were made according to the species' characteristics. The images of the dog and cheetah were closely localized but in different areas of the graphical representation, and these two species were separate from the monkey and man. Interestingly, the placement of the S and M images of the primates revealed that the participants did not efficiently distinguish the duration of exposure to images of these species (Figure 1) .
In the G2 group, the S and M images of the same species were not immediately presented but after the observation of three images (S or M) of the other species (see Method). The factorial analysis showed that the S and M images of the dog, cheetah, and man were distributed without any defined pattern (graphical area). Therefore, in the G2 group, time was processed according to the implied movement of each image alone, independent of the species. Furthermore, the dog, cheetah, and man M images were overestimated in this group, and the monkey M image was not (Figure 2) . The M image of the monkey was scored with less Movement (G1) and less Movement and Velocity (G2) than the M images of the other three species, demonstrating that implied motion was perceived differently by the participants. For example, the Movement scores for the M image of the monkey were less in both the G1 and G2 groups (5.0 points) relative to the other species (6.0-6.5 points). This result may be attributable to the monkey species used (i.e., chimpanzee), which is adapted to moving faster in trees rather than on the ground compared with a dog, cheetah, and man.
Humans are able to identify the locomotion of many different mammalian species based on dynamic point-light displays and their biological forms (Grossman et al., 2008; Mather & West, 1993; Thompson & Parasuraman, 2012) . Biological motion has been suggested to be an important characteristic of human visual perception, which also exists in other mammals, including cats, monkeys, and birds (Blake, 1993; Brown, Kaplan, Rogers, & Vallortigara, 2010; Oram & Perrett, 1994; Vallortigara, Regolin, & Marconato, 2005) . Therefore, the present results may be discussed based on the framework of different theories that involve aspects of movement perception that are related to a socially tuned brain, mirror neurons, and embodiment. The human brain was evolutionarily developed to understand and respond to movements of conspecifics (Kaiser et al., 2012; Pinto & Shiffrar, 2009; Puce & Perrett, 2003) , and internal mood has social relevance to an individual's behavior (Jokisch, Daum, Suchan, & Troje, 2005; Saygin, 2007) . Embodiment mechanisms are directly involved in specific neural circuits in the brain, activating mirror neurons (Buccino et al., 2001 (Buccino et al., , 2004 that are able to respond to the movements of different species in a likely evolutionary repertory context. However, such findings do not explain the way in which time distortions only in the G2 group are related to biological motion perception.
The visual properties of the S and M images were considered in the present experimental design. Data comparisons between the G1 and G2 groups showed that the S images (less movement) of the dog, cheetah, and man were scored differently with regard to implied movement, and the S image of only the dog was scored differently with regard to attributed velocity (Table 1) . Interestingly, the scoring task was performed after the time estimations, and the participants were given as much time as they wanted to complete the scales. Therefore, the properties of movement perception within a specific sequence of observing the images of the different species could affect their subsequent judgment scores because of making comparisons between prior images. However, this psychological effect was not observed for M images (more movement), indicating that the visual motion perception of body positions in static images occurred independently of the experimental design. The participants were more attentive to movement perception through different means when observing the two images of the same species one after the other (G1 group) or not (G2 group), and these experimental contexts differentially affected their time perception. Notably, the multidimensional analysis showed that the S and M images of the monkey and man (primates) and the dog and cheetah in the G1 group were separate. The same was not observed for the S images of any of the species in the G2 group (Figures 1 and 2) .
M image overestimations in the G2 group occurred according to the accumulation of internal clock pulses. More attention was given to the M images of these species because of inherent implicit movements. The internal clock model supposes that timing is derived from the number of pulses generated by one pacemaker that is linked to one accumulator (Gibbon, Church, & Meck, 1984) . Attention modulates the accumulation of pulses that are stored in the accumulator, acting as a switch (Zakay & Block, 1996) . Because of tuning of the human brain to perceive more relevant biological movement characteristics, switches in attention increased the number of accumulated pulses while observing the M images, and exposure time is judged to be longer. The greater implied movement in a body image then causes the major acceleration of pulses of the internal marker, thus generating the observed overestimations (Nather et al., 2013) . The clock model can explain the time overestimations for the M images in the G2 group, but it does not explain why overestimations were not observed in the G1 group. We propose that the participants in the G1 group compared images of each species separately, and the characteristics of each one received more attention than their implied body movements. In the G2 group, the participants were unable to consider each species alone because they were presented randomly; because of this, their pictorial characteristics were more evident, such as implied movement.
Visual information of the movement of another species differentially impacts time perception in terms of biological danger (e.g., a cheetah represents a predator). An internal time mechanism may be necessary to guarantee survival. Vivid representation of the dynamic movements of prey and man in rock paintings illustrates the impact of motion perception in mankind's social behavior (d 'Huy, 2013) . Therefore, the study of biological relationships in terms of psychological processes of motion perception is very important to understand how mankind has adapted to a constantly changing environment and formed distinct habitats. This innovative possibility should be considered in future work, related not only to the psychological processes of timing but also to studies of biology, archeology, and anthropology. Such studies could expose observers to experimental situations in which the movement of different species -more specifically, biological timing processing -is analyzed in terms of survival and evolutionary history.
The present study represents advances in time perception research and biological time processing. We revealed some aspects of the effects of static images of different mammalian species on time perception. Further studies should include other species and a greater number of images of each. We propose that phylogenetically closer species are processed similarly with regard to biology, revealing an internal mechanism of biological time processing.
